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Abstract of EP1 184703 

An infrared imaging microscope, particularly of 
the type used to carry out FT-IR measurement, 
has a detector in the form of a small detector 
array (85) of individual detector elements (86). 
The outputs of the detector elements (86) are fed 
in parallel to processing means which process 
the output signals. The use of a small array 
means that the outputs can be processed without 
the need for complex multiplexing or perhaps no 
multiplexing at all thus avoiding the reduction in 
signal to noise ratio which is associated with 
large scale multiplexing. The small detector array 
will generally have between 3 and 100 detector 
elements. Typically the upper limit will be 64 and 
a preferred arrangement has 16 detector 
elements. 
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(54) Infrared imaging microscope 



(57) An infrared imaging microscope, particularly of 
the type used to carry out FT-IR measurement, has a 
detector in the form of a small detector array (85) of in- 
dividual detector elements (86). The outputs of the de- 
tector elements (86) are fed in parallel to processing 
means which process the output signals. The use of a 
small array means that the outputs can be processed 



without the need for complex multiplexing or perhaps no 
multiplexing at all thus avoiding the reduction in signal 
to noise ratio which is associated with large scale mul- 
tiplexing. The small detector array will generally have 
between 3 and 1 00 detector elements. Typically the up- 
per limit will be 64 and a preferred arrangement has 16 
detector elements. 
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Description 

[0001] This invention relates to an infrared imaging 
microscope particularly of the type used to carry out 
FT-IR measurements. 

[0002] A known apparatus of this type is an FT-IR mi- 
croscope which is used to analyse small samples of ma- 
terial. The microscope has a viewing configuration and 
a measurement configuration. In both configurations the 
microscope can be used either in a transmitting mode 
or a reflecting mode depending upon the nature of the 
sample. Typically such a microscope is used in conjunc- 
tion with an I R spectrophotometer. A microscope of this 
type generally includes a source of visible radiation and 
can receive analysing infrared radiation from a source 
in the spectrophotometer. Atypical microscope includes 
a sample stage for carrying a sample to be investigated 
and optical elements for guiding radiation from one or 
other of the radiation sources to the sample stage. 
These elements can include a plain mirror, a toroid cou- 
pling optic and a Cassegrain mirror assembly acting as 
a condenser. The microscope also includes a Casseg- 
rain mirror assembly which images the sample at a giv- 
en magnification at an intermediate image plane from 
where the radiation is directed to an infrared detector. 
The microscope also includes an optical microscope 
which enables an image of the sample on the stage to 
be viewed optically by means of visible radiation and 
thereby enables areas of interest to be identified. The 
microscope can also include a video camera which can 
be used in conjunction with the optical microscope in 
order to create an image of the sample for display on a 
display means or a computer which is used to control 
the microscope. 

[0003] Modem microscopes of this type have a stage 
which can be moved under computer control to allow 
several areas of interest to be identified, their coordi- 
nates stored and data collected subsequently automat- 
ically on the basis of that stored data. Such microscopes 
also include a variable aperture which can be computer 
controlled and is located at the intermediate image 
plane to mask off a portion of the sample. This combined 
with an oversized single detector element enables the 
measurement of the infrared spectrum of the selected 
area of the sample. By stepping the stage and repeating 
the measurement, the system can slowly build up a dig- 
ital image of the sample pixel-by-pixel. An arrangement 
of this type is described in EP-A-0731371. Typically 
such microscopes employ a liquid nitrogen cooled, pho- 
toconductive mercury cadmium telluride (MCT) element 
as the infrared detector. Such a microscope has rela- 
tively long measurement times and it can take of the or- 
der of 10 hours to acquire a 128x128 pixel image. 
[0004] In order to reduce measurement times micro- 
scopes have been designed which incorporate large de- 
tector arrays rather than single detector elements. One 
such arrangement uses an integrated array of 64x64 liq- 
uid nitrogen cooled photovoltaic MCT detectors each 



having an area of 60 microns square. This array is ca- 
pable of acquiring a 64x64 pixel image simultaneously 
rather than sequentially as in the system referred to 
above, With such an arrangement it is possible to re- 

5 duce considerably the measurements times and, for ex- 
ample, a 128x128 map can be acquired in around 5 to 
7 minutes. Such arrangements however are extremely 
expensive and typically cost more than 3 times that of 
a microscope which employs a single detector. Part of 

10 this increased cost is due to the cost of the detector itself 
which is relatively expensive and another part is attrib- 
uted to the fact that the slow read out of the multiplexed 
detector necessitates the use of a sophisticated spec- 
trometer technology called step-scan. 

15 [0005] Although such large arrays offerthe advantage 
of speed of measurement through the acquisition of 
many pixels in parallel, currently available devices suffer 
from a loss of signal/noise ratio when compared with the 
projected performance based on a single array element. 

20 The loss arises from inefficiencies incurred in the multi- 
plexing needed to handle the signals from such a large 
number of elements. In addition, the photovoltaic tech- 
nology used in these arrays results in a reduced wave- 
length range when compared with the photoconductive 

25 devices used as single element detectors. 

[0006] The present invention is concerned with a de- 
tector array which can be used with an infrared imaging 
microscope and can provide the benefits of reduced 
measurement times without the significant increase in 

30 costs associated with the large detector arrays referred 
to above. 

[0007] According to one aspect of the present inven- 
tion there is provided an IR microscope comprising a 
sample stage, optical components for guiding analysing 

35 radiation so that it is incident on a sample to be analysed 
which is carried on said stage, and for guiding radiation 
from the sample to a detector, wherein said detector 
comprises a small array of individual detector elements, 
the outputs of the detector elements being fed in parallel 

40 to processing means for processing the detector ele- 
ment outputs. 

[0008] Thus the present invention proposes using in 
an infrared imaging microscope a relatively small detec- 
tor array whose outputs are sufficiently small in number 

45 that they can be processed without the need for complex 
multiplexing or perhaps any multiplexing at all. Thus the 
microscope does not incur the reduction in signal to 
noise ratio which is a feature of large scale multiplexing. 
Such a detector array can be used in such a way as to 

so provide relatively low measurement times without any 
substantial increase in cost of either the detector array 
or the processing circuitry needed to process the out- 
puts of the detector elements. In addition, it becomes 
more practical to employ photoconductive technology 

55 for the detector elements, permitting an increased range 
to longer wavelength. A small detector array will typically 
comprise between 3 and 100 detector elements. Typi- 
cally the upper limit will be 64 and a preferred arrange- 
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ment will have 16. 

[0009] Each detector element may have its own as- 
sociated detector circuitry. The detector elements can 
be arranged in a linear array. The detecting elements of 
the linear array may be spaced apart. 
[0010] The detector elements may be arranged in a 
plurality of rows. The detector elements in each row may 
be spaced apart and the rows themselves may be 
spaced apart. 

[001 1 ] The detector elements in each row may be off- 
set relative to those in other rows. 
[001 2] The detector elements may be arranged such 
that the centre of each element is located at a position 
corresponding to a point on a regular grid. The grid pat- 
tern may be square or rectangular. 
[0013] The spacing between the centres of elements 
in each row may correspond to a multiple of the spacing 
of the points of the grid. 

[001 4] The spacing between centres of adjacent rows 
may correspond to a multiple of the spacing of the points 
of the grid. 

[001 5] The offset in detector element position in adja- 
cent rows may correspond to the spacing of the grid or 
a multiple of the spacing of the grid. 
[001 6] The dimensions of each detector element may 
be substantially equal to that of the spacing of the grid. 
[001 7] The detector elements may be rectangular and 
aligned with the grid pattern. 

[0018] Another aspect of the present invention pro- 
vides a detector array for use in an I R microscope, said 
detector array comprising a plurality of individual detec- 
tor elements which are disposed in spaced relationship, 
the spacing between adjacent elements being substan- 
tially equal to a dimension or a multiple of the dimension 
of a detector element. A detector array of this structure 
in which the detector elements are spaced apart facili- 
tates connections to the detector elements and be- 
cause, at any particular stage position, the areas viewed 
by the detector elements correspond to the spaces be- 
tween detector elements at a previous stage position, 
an effective fill-in factor can be achieved. This avoids 
the problem of prior art array elements where the entire 
sample area may not be mapped because of dead areas 
at the junctions of adjacent detectors. 
[0019] The detector elements may be arranged in a 
linear array. The detector elements of the linear array 
may be spaced apart. The detector elements may be 
arranged in a plurality of rows. The detector elements 
in each row may be spaced apart and the rows them- 
selves may be spaced apart. 
[0020] The detector elements in each row may be off- 
set relative to those in other rows. 
[0021] The detector elements may be arranged such 
that the centre of each element is located at a position 
corresponding to a point on a regular grid. The grid pat- 
tern may be square or rectangular. 
[0022] The spacing between the centres of elements 
in each row may correspond to a multiple of the spacing 



of the points of the grid. 

[0023] The spacing between centres of adjacent rows 
may correspond to a multiple of the spacing of the points 
of the grid. 

5 [0024] The offset in detector element position in adja- 
cent rows may correspond to the spacing of the grid or 
a multiple of the spacing of the grid. 
[0025] The dimensions of each detector element may 
be substantially equal to that of the spacing of the grid. 
[0026] The detector elements maybe rectangular and 
aligned with the grid pattern. 

[0027] A further aspect of the present invention pro- 
vides for a large single element detector to be deployed 
alongside the array as an alternative detector. This al- 
lows the microscope to be used alternatively in the more 
traditional single pixel mode where a mask in the inter- 
mediate image plane of the microscope is adjusted to 
isolate a specific portion of the sample for measure- 
ment. This capability is useful for spot measurements 
on sizeable areas where sensitivity is less of an issue 
and can be traded for further increased wavelength 
range in the single detector element, for some oddly 
shaped or oriented sample areas, and for some line 
scans to which the array may be ill-suited. 
[0028] The invention will be described now by way of 
example only, with particular reference to the accompa- 
nying drawings. In the drawings:- 

Figure 1 is a side schematic view of an FT-IR mi- 
croscope constructed in accordance with the 
present invention; 

Figure 2 is a more detailed view of a magnification 
assembly used in the microscope of Figure 1 ; 
Figure 2a shows on an enlarged scale part of the 
assembly of Figure 2; 

Figure 3 illustrates the principle of a cold shield, and 
Figure 4 is a schematic illustration of the structure 
of a detector in accordance with an embodiment of 
the present invention. 

[0029] Referring to Figure 1 there are shown the prin- 
cipal elements of an FT-IR microscope of a preferred 
embodiment of the present invention. This microscope 
includes an optical microscope (10) which can be used 
to view a sample on a sample stage (12) through a di- 
chroic mirror (14), a remote aperture (16) and an objec- 
tive Cassegrain mirror assembly (18). The optical mi- 
croscope can incorporate a video camera (11) which is 
coupled to a computer which controls the microscope. 
The video camera (11) can be used to create on the dis- 
play device of the computer a video image of a sample 
under investigation. The microscope also includes a 
condenser Cassegrain mirror assembly (20), a lower 
mirror (22) and a toroid reflector (24). The microscope 
can receive radiation from a source of infrared radiation 
(not shown) which may be located in an associated 
spectrophotometer. The incoming infrared beam (26) is 
directed by way of a flat dichroic mirror (28) towards the 
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toroid reflector (24). The microscope Includes a source 
of visible radiation (not shown) which can produce a 
beam (30) of visible radiation along a path which ex- 
tends through the flat mirror (28). The visible radiation 
source can be mounted at a suitable location in the mi- 
croscope. 

[0030] A detector of infrared radiation such as an MCT 
detector (32) is disposed laterally from the dichroic mir- 
ror (1 4) and can receive infrared radiation reflected from 
that mirror by way of a detector Cassegrain mirror as- 
sembly (34). The way in which a microscope of this gen- 
eral form operates will be apparent to those skilled in 
the art and a description can be found for example in an 
article by D.W. Schiering, E.G. Young and TP. Byron 
entitled "An FTIR microscope" published in American 
Laboratory, November 1990. 

[0031] In microscopes of the present type the stage 
(12) is usually movable under computer control in at 
least a horizontal plane so that areas of interest of a 
sample located on the stage (12) can be identified using 
a video image generated by the video camera (1 1 ) and 
data relating to those locations is stored in the computer. 
The computer then subsequently controls movement of 
the stage automatically to obtain measurements from 
the identified areas of the sample. A detailed description 
of a microscope incorporating this facility can be found 
in EP-A-0731371. 

[0032] It will be seen that the present embodiment in- 
cludes an assembly which is shown at (40) and is dis- 
posed in the beam of radiation propagating towards the 
remote aperture (16). This is an assembly which can be 
moved into or out of the beam of radiation in order to 
change the magnification provided by the microscope. 
The assembly is shown in more detail in Figure 2 of the 
drawings and can be seen to be located between the 
objective Cassegrain (18) and the position (42) where 
that Cassegrain normally forms its intermediate image. 
The assembly includes the first planar mirror (43), a first 
generally spherical mirror (44), a second generally 
spherical mirror (45) and a second planar mirror (46). 
The elements (43 to 46) are formed as a single integral 
unit which can be rotated about a horizontal axis extend- 
ing through the spherical mirrors (44 and 45). Thus the 
assembly can be rotated from the position shown in Fig- 
ure 2 of the drawings in which the mirror (43) deflects 
the beam of radiation propagating from the Cassegrain 
objective (18) towards the mirror (44), to a position in 
which the mirrors (46 and 43) lie in a common horizontal 
plane and are therefore disposed out of the beam of ra- 
diation propagating from the Cassegrain. The assembly 
also includes a planar reflector (48) which acts as a cold 
shield as will be described later. 
[0033] With the assembly (40) in the position shown 
in Figure 2 of the drawings, radiation emanating from 
the sample on the sample stage (12) is collected by the 
Cassegrain objective (1 8) and intercepted by the planar 
mirror (43) so that it is directed towards the spherical 
mirror (44) via a new intermediate focus (42'). The radi- 



ation is then reflected by the spherical mirror (44) and 
propagates as a substantially parallel beam towards the 
second spherical mirror (45) before being reflected back 
towards the second planar mirror (46) and then focused 

5 atthe original intermediate focus (42). It should be noted 
that the cold shield (48) has an aperture formed therein 
through which the parallel beam can pass. Thus, by in- 
serting the assembly of components (44 to 46) into an 
operative position, the image is returned to the normal 

10 position (42) of the intermediate image, but has been 
magnified by the magnification factor provided by the 
two spherical mirrors (44 and 45). Typically this factor 
will be in the region of four. 

[0034] The assembly of magnifying elements of the 

15 present embodiment are made up of four elements (44 
to 46) and these can be conveniently aligned and held 
rigidly in an assembly which is separate from the other 
elements of the microscope and simply switched into or 
out of the radiation beam emanating from the objective 

20 Cassegrain (1 8) by a rotation step in order to provide an 
additional four times magnification whenever that is re- 
quired. The rotation step through 90° is one example of 
a way in which the assembly can be switched into or out 
of the beam and is a particularly simply arrangement. It 

25 will be apparent to those skilled in the art that a simple 
rotation of this form can be automated using a simple 
motor in conjunction with two end stops. Only one of the 
end stops needs to be precisely located, namely that 
which is used to locate the elements in the position 

30 shown in Figure 2. The stop which controls the position- 
ing of the assembly at its non-operative position does 
not require such accurate location. 
[0035] It will be seen from Figure 2 and also particu- 
larly from Figure 2a that when the assembly of magni- 

35 fying elements is in its operative position, the cone of 
rays ((}') arriving at the intermediate focus (42) has a 
narrower cone angle than that of the cone of rays (p) 
arriving at the intermediate focus when the magnifying 
assembly is not in its operative position. It should be not- 

40 ed that Figure 2a is intended to illustrate the different 
cone angles and is not necessarily to scale. The differ- 
ence in cone angles is a natural consequence of provid- 
ing increased magnification. It should be noted that the 
beam (49) provided by the components of the magnifi- 

45 cation assembly (40) is directed at an angle to the image 
plane following only one side of the original cone (p) 
rather than a scheme of routing rays near normal to the 
surface. This is because the rays close to the axial di- 
rection would be intercepted by the blind spot generated 

50 by the secondary of the detector Cassegrain (34) as can 
be appreciated from the rays emanating from the objec- 
tive Cassegrain (1 8). In fact the proportions of the Cas- 
segrain elements dictate that the extra magnification in- 
troduced by the assembly should be at least four times 

55 in order to keep the exit beam narrow enough to avoid 
vignetting by the detector Cassegrain secondary. 
[0036] It will be appreciated that the arrangement 
shown in Figure 2 is one example of a magnification as- 
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sembly which can be used. Other combinations of mir- 
rors are possible such as for example a spherical mirror 
and a flat mirror, or two parabolic mirrors or two ellipsoi- 
dal mirrors. However, while such aspheric mirrors may 
provide minor improvements in image quality, they are 
substantially more difficult and expensive to manufac- 
ture. It is also possible to use mirrors which are toroidal 
approximations to the ideal shape, these mirrors being 
a suitable compromise between cost and quality. It will 
also be appreciated that it is possible to use ray trace 
optimisation programs in order to generate optimum 
surface figures that are not true conic sections. 
[0037] Other geometric arrangements of rays are 
possible. For example it is possible to employ a scheme 
similar to the one illustrated in Figure 2, but located after 
the intermediate image (42). In such an arrangement the 
image presented as an input to the magnification stage 
would be real and the output would be virtual as op- 
posed to the alternative arrangement which is illustrated 
in Figure 2. In a further alternative the beam from the 
second spherical mirror could be directed below rather 
than above its input to create a C-beam geometry. This 
scheme is probably most advantageous in an arrange- 
ment comprising a combination of two parabolic mirrors 
chosen to minimise aberration in this configuration. 
[0038] An important factor in all alternative arrange- 
ments is the need to control image aberration, maintain- 
ing the smallest practical angle between input and out- 
put beams at each of the curved mirrors in the magnifi- 
cation assembly. 

[0039] As referred to above when the magnification 
assembly is in its operative position the beam of radia- 
tion propagating towards the intermediate focus (42) 
has a cone angle which is narrower than that when the 
magnification assembly is not in its operative position. 
This bundle of rays propagates to the detector (32) and 
the result is that the detector field of view is under-filled 
compared with the situation when the magnifying as- 
sembly is not operative. The detector, being an MOT 
type detector, is typically cooled to liquid nitrogen tem- 
peratures and is usually located in a Dewar type vessel. 
There is the possibility with the present arrangement of 
enhancing the signal-to-noise ratio in the 4x magnifica- 
tion situation by masking out room temperature photons 
arriving at the detector in the unused portions of its field 
of view. Whilst this could be achieved by a switched cold 
shield inside the detector to match the field of view which 
exists when the 4x magnification is used this can be dif- 
ficult to implement inside a Dewar container. 
[0040] This will be explained initially by reference to 
Figure 3. Figure 3 shows schematically the MOT detec- 
tor (32) receiving IR radiation (50) via the detector Cas- 
segrain (34). The detector (32) is located within a Dewar 
vessel, whose wall is shown at (51), so that its temper- 
ature can be maintained at 77°K. Radiation to be de- 
tected enters the Dewar vessel through a window (52). 
A cold shield (54) is disposed between the window (52) 
and the detector (32) and operates to ensure that only 



radiation within cone angle a is incident on the detector, 
a is the cone angle of rays reflected from the mirror (1 4) 
when the magnification assembly (40) is not in its oper- 
ative position. The cold shield (54) thus restricts the field 

5 of view of the detector (32) to that which is necessary to 
receive the incoming radiation (50) which is to be de- 
tected thereby substantially preventing infra red radia- 
tion from the relatively warm surrounding region from 
reaching the detector. 

10 [0041] A typical detector (32) has a field of view 
matched to the input beam (50) at a focal ratio of about 
f/1 . When the magnifying assembly is in its operative 
position the cone angle of the beam incident on the de- 
tector reduces to a' as shown in Figure 3. The angular 

15 spread of the beam now corresponds to approximately 
f/4. It can be seen that in this situation the detector can 
receive warm photons from the region between the 
cones a and a 1 . The cold shield used for cone angle a 
is not appropriate for cone angle a 1 since it allows in 

20 these warm photons. 

[0042] The cold shield is located within the Dewar 
vessel and it is not a simple matter to provide within that 
vessel a switched cold shield which could cater for both 
cone angles. 

25 [0043] We have recognised that it is possible to pro- 
vide a switched cold shield using an appropriate optical 
component or components which are disposed exter- 
nally of the Dewar vessel. Any such switched cold shield 
should operate to image the detector onto a cold object 

30 jn that part of the field of view of the detector not used 
for the input beam and not covered by existing cold 
shield (54). This could be within the interior of the Dewar 
detector such as the detector itself and its immediate 
surroundings. As an example a mirror placed outside 

35 the Dewar vessel could be located to image the detector 
back on itself or onto an adjacent non-reflecting cold ar- 
ea. Such a mirror would require in it an aperture to allow 
through the beam (50). 

[0044] Figure 2 shows one way in which the cold 

40 shield can be implemented using the plane mirror (48). 
[0045] With the magnification assembly of Figure 2 it 
is possible to provide an effective cold shield externally 
of the Dewar in the following way. The planar mirror (48), 
in which is formed a through hole, is placed between the 

45 spherical mirror (44) and (45) as shown. The hole is so 
dimensioned to allow the parallel beam of rays reflected 
from the first spherical mirror to pass through, but also 
to prevent rays outside that beams from propagating. 
More importantly, rays travelling in reverse through the 

so system, but outside the illustrated beam, are reflected 
back on themselves by the plane mirror (48). The sig- 
nificance of this is that in unused parts of the detector 
field of view the detector sees in effect a reflection of 
itself or radiation emanating from a body at 77°K rather 

55 than room temperature. 77°K is typically the tempera- 
ture inside a Dewar containing the MOT detector. Since 
the detector can have significant reflectivity it can be de- 
sirable to enhance this scheme further by tilting the 
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plane mirror (48) slightly so that the detector images 
back to a spot adjacent to itself which may then be coat- 
ed with a very low emissivity coating. The result is an 
externally switched cold shield which can minimise un- 
wanted room temperature photons at both magnifica- 
tions contributing to an improved signal-to-noise ratio. 
[0046] It is also possible to improve cold shielding by 
minimising the effect of warm photons from other parts 
of the field of view of the detector. For example the rear 
surface (55) of the secondary mirror (56) of the detector 
Cassegrain assembly (34) is a source of such photons. 
This unwanted radiation can be effectively eliminated by 
placing a suitable concave spherical mirror on the rear 
surface (55) to augment the already described cold 
shielding. The input beam propagates from the annulus 
around the secondary mirror (56) so there is no need for 
any hole in this additional mirror. The effect of this addi- 
tional cold shield will be most marked at the higher mag- 
nification although it will still have an effect at the lower 
magnification. 

[0047] Referring nowto Figure 4 of the drawings there 
is shown schematically a preferred form of detector as- 
sembly for use as the detector (32) in the arrangement 
of Figure 1 . The detector assembly essentially compris- 
es two parts, a first of which is a single detector element 
(80) of the type which has been used conventionally and 
on either side of which are dark areas (81 and 82). The 
second part comprises a small detector array shown 
generally at (85). The array comprises sixteen detector 
elements (86) which are arranged in two rows (88 and 
89). Each detector element (86) has a rectangular active 
area (90) which is responsive to infrared radiation inci- 
dent on it. The remainder of the rectangular detector el- 
ement (86) denotes a possible extended electrically ac- 
tive area which may enhance sensitivity. The active area 
(90) of each detector element (86) corresponds to a pix- 
el. 

[0048] The detector elements of the array are ar- 
ranged in that the centre of each element is located at 
a point on a square grid in which adjacent points have 
a spacing x. 

[0049] The detector elements in each row (88, 89) are 
spaced apart, the spacing between the centres of adja- 
cent elements being 2x. Similarly a line joining the cen- 
tres of the active regions (90) of the row (89) is spaced 
from a line joining the centres of the active regions (90) 
of the row (88) by substantially the same distance 2x. In 
addition it will be seen that the elements of the row (89) 
are offset relative to the elements of row (88), the offset 
being substantially equal to x. The active areas of the 
elements are generally square the linear dimensions of 
which correspond substantially to the distance x. 
[0050] Each of the optically active regions (90) has an 
output line (not shown) which extends to processing cir- 
cuitry for processing electrical signals generated by the 
detector elements (86) when infrared radiation falls ther- 
eon. With the arrangement shown in Figure 4 the signals 
transmitted along these lines do not require to be mul- 



tiplexed so that each detector element (86) has its own 
associated detection circuitry. Furthermore, because 
the elements of the array are not closely packed, i.e. 
they are spaced apart, the design of the elements can 

5 be optimised to give the best performance. For example 
each element can be photoconductive with improved 
wavelength range and the design parameters can be 
adjusted for the highest quantum efficiency rather than 
detectivity. This would best suit the relatively high signal 

10 levels present in IR microscopy. It will be appreciated 
that, in use, the small array shown in Figure 4 is used 
to create an image 16 pixels at a time and the image is 
built up over a period of time in a manner similar to that 
carried out in existing microscopes by stepping the sam- 

15 pie stage to map the required area of the sample under 
investigation. At each step of the sample stage the de- 
tector array (85) receives radiation from an area of the 
sample not previously covered by the array. For exam- 
ple, looking at Figure 4, the sample stage could be 

20 stepped in increments corresponding to a pixel pitch so 
that at each step, areas of the sample corresponding to 
the spaces between detector elements (86) are covered 
at a next or subsequent step of the stage. This form of 
array allows an image of a sample to be built up by ef- 

25 fectively tiling the sample. 

[0051] As has been mentioned the 16 outputs from 
the detector elements (86) are fed in parallel to process- 
ing circuitry of the microscope and it is envisaged that 
with 16 parallel measurement channels a 128x128 pixel 

30 image can be obtained in around 3.5 minutes. 

[0052] The array shown in Figure 4 of the drawings 
has a number of advantages over the large array which 
has been used in conjunction with a step-scan system. 
It has an improved wavelength coverage relative to such 

35 a large array and also an operator can view the image 
in real time as it is composed rather than having to wait 
until the data collection is complete which is a require- 
ment of step-scan technology. Another advantage is 
that of relatively rapid line scans since the minimum 

40 read-out width can be much lowerthan the 64 pixel width 
of a large array. Thesmall array also has a greaterability 
to deal with samples which are not flat. With any array 
the entire sample area being mapped onto the array has 
to be in focus at the same time. Thus, for a large array 

45 not only must a large area of the sample be flat for good 
results, but it must also be level. This requirement is sig- 
nificantly reduced for a small array and it therefore is 
possible to adjust the focus as the sample is moved in 
order to cope with the samples that slope or are not flat. 

so Another related advantage of the small array is that the 
quality of the image at the array need not be maintained 
over nearly so wide an area as with a large array. This 
requirement is difficult to achieve usually in the infrared 
where there is a limited choice of optical components 

55 available. 

[0053] The arrangement shown in Figure 4 of the 
drawings uses 16 detector elements, i.e. 16 pixels It will 
be appreciated that other numbers of detector elements 
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can be employed, but 16 has been selected since it is 
a number which can be achieved economically without 
having to provide multiplexing. It is envisaged that a 
range of from 3 to 1 00 detector elements (86) could be 
used in the small array. 

[0054] it will also be appreciated that various alterna- 
tive configurations of detector elements (86) could be 
used and not only the one shown in Figure 4. For image 
generation purposes some configurations are more ef- 
ficient than others. Any pattern which can be repeated 
so that by stepping the stage it is possible to completely 
tile the area to be imaged without redundant measure- 
ment of any pixel is desirable. Typical images are large 
compared to the array and edge effects can generally 
be eliminated in the tiling process. A possible configu- 
ration is a 4x4 array in a close packed square, but a 
practical problem with such a configuration is that finite 
separations (known as cut lines) exist along juxtaposed 
portions of detector elements (86) and this can reduce 
the fill factor substantially below 1 , thereby reducing the 
collection efficiency. Another problem with closely 
packed detector elements is that of bringing out the elec- 
trical connections from each detector element. 
[0055] At the opposite extreme it is possible to use a 
row of 16 elements. This makes it easier to bring out the 
electrical connections and the cut lines only affect the 
fill factor in one dimension. The arrangement also has 
the advantage that the sample step size between suc- 
cessive measurements is only one pixel pitch perpen- 
dicular to the line of the detectors, whereas in the 4x4 
arrangement the step size is 4 pixel pitches assuming 
that for efficiency each sample pixel is to be measured 
only once. The larger step size places a heavier demand 
on the stepping mechanism when stepping times are a 
significant factor in the overall measurement time. 
[0056] The preferred arrangement is that of the type 
shown in Figure 4 which comprises displacing alternate 
elements and staggering them in a double row. This ar- 
ray is particularly advantageous since it provides ample 
space to bring out connections and does not suffer from 
the disadvantage of cut lines between closely adjacent 
detector elements. It is possible with this arrangement 
to effectively fill in areas not covered at a previous part 
of the image acquisition process and by appropriately 
locating the detector elements of the array a fill-in factor 
of 1 00% can be achieved. In fact the effective fill factor 
can be increased above unity by arranging that the lin- 
ear dimension of the region (90) of each detector ele- 
ment (86) is slightly larger than x. This freedom permits 
flexibility in a trade off between signal to noise ratio and 
the modulation transfer function (spatial resolution). 
[0057] The staggered double row arrangement also 
has the advantage that the step size between measure- 
ments is one pixel pitch. 

[0058] There is the slight disadvantage of edge ef- 
fects at the boundaries of the area to be mapped but 
this can be accommodated by extending the boundary 
by a small amount. 



[0059] It will be noted that the arrangement shown in 
Figure 4 also incorporates a single large detector (80) 
as is present in conventional microscopes. This allows 
the microscope to be used in a conventional single de- 

5 tector manner using pixel-by-pixel mapping. Thus, the 
microscope can provide two modes that is rapid map- 
ping of large areas using the small array (85) and inte- 
gration of the signal from defined areas such as fibres 
or laminas using the single large detector (80). It should 

10 be noted that the detectivity of the single large detector 
need not be as high as the detectivity of the elements 
in the array (85) since in such single pixel measure- 
ments it is practical to allow greater time for accumulat- 
ing a signal. 

15 [0060] The areas (81 and 82) on eitherside of the sin- 
gle detector are dark areas which act as a sink for un- 
wanted thermal background radiation, i.e. they act as a 
cold shield in a manner similar to that which has been 
described above. The single detector itself forms part of 

20 this dark area when the small array (85) is in use. 
[0061] It will be appreciated that the detector shown 
in Figure 4 can be fitted easily behind a suitable window 
and cold shield in a liquid nitrogen cooled Dewar vessel. 
[0062] It will be appreciated that as an alternative to 

25 a movable stage, a movable mirror can be provided. 



Claims 

30 1 . An IR microscope comprising a sample stage, op- 
tical components for guiding analysing radiation so 
that it is incident on a sample to be analysed which 
is carried on said stage, and for guiding radiation 
from the sample to a detector, wherein said detector 

35 comprises a small array of individual detector ele- 
ments, the outputs of the detector elements being 
fed in parallel to processing means for processing 
the detector element outputs. 

^o 2. A microscope according to claim 1 , wherein each 
detector element has its own associated detector 
circuitry. 

3. A microscope according to claim 1 or claim 2, 
45 wherein the detector elements are arranged in a lin- 
ear array. 

4. A microscope according to claim 3, wherein the de- 
tecting elements of the linear array are spaced 

50 apart. 

5. A microscope according to any preceding claim, 
wherein the detector elements are arranged in a 
plurality of rows. 

55 

6. A microscope according to claim 5, wherein the de- 
tector elements in each row are spaced apart and 
said rows are spaced apart. 
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7. A microscope according to claim 5 or claim 6, 
wherein the detector elements in each row are off- 
set relative to those in a next adjacent row. 

8. A microscope according to any preceding claims, 
wherein the centre of each element is located at a 
position corresponding to a point on a regular grid. 

9. A microscope according to claim 8, wherein the grid 
pattern is square or rectangular. 

10. A microscope according to claim 8 or claim 9, 
wherein the spacing between the centres of ele- 
ments in each row corresponds to a multiple of the 
spacing of the points on the grid. 

11. A microscope according to claims 7 and 8, wherein 
the offset in detector element position in adjacent 
rows corresponds to the spacin g of the grid or a mul- 
tiple of that spacing. 

12. A microscope according to any one of claims 8 to 
11 wherein the dimensions of each detector ele- 
ment are substantially equal to the spacing of the 
points on the grid. 

13. A microscope according to any preceding claim, in- 
cluding, in addition to said detector array, a single 
detector element, said processing means being ar- 
ranged to process output signals received from ei- 
ther said array or said single detector element. 

14. A detector array for use in a IR microscope, said 
detector array comprising a plurality of individual 
detector elements, each corresponding to a pixel, 
which are disposed in spaced relationship, the cen- 
tre to centre spacing of adjacent elements being 
substantially equal to or a multiple of the pixel pitch. 

15. A detector array according to claim 14, wherein the 
detector elements are arranged in a linear array. 

16. A detector array according to claim 14, wherein the 
detector elements of the linear array are spaced 
apart. 

17. A detector array according to any one of claims 14 
to 16, wherein the detector elements are arranged 
in a plurality of rows. 

18. A detector array according to claim 1 7, wherein the 
detector elements in each row are spaced apart, 
and the rows are spaced apart. 

19. A detector array according to claim 17 or claim 18, 
wherein the detector elements in each row are off- 
set relative to those in a next adjacent row. 
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20. A detector array according to any one of claims 14 
to 19, wherein the detector elements are arranged 
such that the centre of each element is located at a 
position corresponding to a point on a regular grid. 

21 . A detector array according to claim 20, wherein the 
grid pattern is square or rectangular. 

22. A detector array according to claim 20 or claim 21 , 
wherein the spacing between the centres of the el- 
ements in each row corresponds to a multiple of the 
spacing of the points of the grid. 

23. A detector array according to claim 19 or claim 20 
wherein the offset in detector element position in 
adjacent rows corresponds to the spacing of the 
grid or a multiple of that spacing. 

24. A detector array according to any one of claims 20 
to 23, wherein the dimensions of each detector el- 
ement are substantially equal to the spacing of the 
points of the grid. 

25. A detector assembly for an infrared microscope 
comprising a small array of individual detector ele- 
ments the outputs of which can be fed in parallel to 
a processing means, in combination with a single 
detector element. 

26. A detector assembly according to claim 25, where 
the detector elements are located in a Dewar type 
vessel. 



27. 



35 



A detector assembly according to claim 25 or claim 
26, wherein said array comprises an array accord- 
ing to any one of claims 1 4 to 24. 
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28. A microscope according to any one of claims 1 to 
10 including an assembly which can be moved into 
or out of the beam of radiation in order to change 
the magnification provided by the optical elements 
of the microscope. 

29. A microscope according to claim 28, wherein said 
magnifying assembly is located between the objec- 
tive mirror of the microscope and its intermediate 
focus. 



30. A microscope according to claim 28 or claim 29, 
wherein the magnifying assembly includes a reflect- 
ing element which in its operative position reflects 
the beam of radiation away from its normal direction 
of propagation and a magnifying component or 
components which can receive the reflected radia- 

55 tion. 

31. A microscope according to claim 30, wherein the 
magnifying assembly includes first and second 
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magnifying components, the first of which receives 
radiation from the reflecting element and the sec- 
ond of which receives the radiation from the first 
magnifying component, and a second reflecting el- 
ement for directing radiation from the second mag- 5 
nifying component along its normal direction of 
propagation. 

32. A microscope according to claim 31 , wherein the 
first and second magnifying components comprise 10 
spherical mirrors. 

33. A microscope according to claim 31 or claim 32, 
wherein the first and second reflecting elements are 
plane mirrors. is 

34. A microscope according to any one of claims 28 to 

33, wherein the magnifying assembly is movable 
between an operative and an inoperative condition 

by rotation about an axis. 20 

35. A microscope according to any one of claims 30 to 

34, wherein the assembly is movable between an 
operative position in which the reflecting element is 
located in the beam of radiation and an inoperative 25 
position in which the radiation can propagate to the 
detector elements without magnification by the 
magnifying assembly by rotation about an axis 
through the first and second components. 

30 

36. A microscope according to claim 34 or claim 35, 
wherein the angle of rotation through which the as- 
sembly can be rotated is of the order of 90°. 

37. A microscope according to any one of claims 28 to 35 
36 including a shield for shielding the detector from 
unwanted radiation, said shield being switchable 
between an operative and an inoperative position. 

38. A microscope according to claim 37 when depend- 40 
ent upon any one or claims 31 to 36, wherein the 
shield comprises an element disposed along the 
propagation path of radiation reflected from the first 
magnifying component to the second magnifying 
component, said element having therein an aper- & 
ture and acting as a cold shield to prevent unre- 
quired radiation arriving at the detector. 

39. A microscope according to claim 38, wherein said 
element comprises a plane mirror which allows so 
through the aperture a beam of rays to be detected 

but blocks rays outside that beam. 
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